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Decay Engine

Modern Alchemy: Discovery of transmutation, (Soddy 1901)

In 1901, twenty-four year-old chemist Frederick Soddy and
Ernest Rutherford were attempting to identify a mysterious
gas that wafted from samples of radioactive thorium oxide.
They suspected that this gas—they called it an
“emanation"—held a key to the recently discovered
phenomenon of radioactivity. Soddy had passed the
puzzling gas over a series of powerful chemical reagents,
heated white-hot. When no reactions took place, he came
to a startling realization. As he told his biographer many
years later....

I remember quite well standing there transfixed as
though stunned by the colossal import of the thing
and blurting out- or so it seemed at the time:
“Rutherford, this is transmutation: the thorium is
disintegrating and transmuting itself into argon
gas“. Rutherford's reply was typically aware of
more practical implications,“For Mike's sake,
Soddy, don‘t call it transmutation. They'‘ll have our
our heads off as alchemists*

*quoted in Pioneer, pp 83-84 _
Joseph Wright (1734-1797)
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Decay Engine

Simple radioactive decay..
Basic equation first identified by Rutherford
dQ/dt = -kQ (1)

Q Is the number of atoms, k is the decay constant

(probability per unit time that a nucleus will decay):

k=In2/zt

where 7 is the half-live. Solution of Eq.1...

Q) =Q(0) ek or  Q(t) = Q(0) 2
Activity..

A(t) = kQ(H)

"
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Successive radioactive decay with branching and source terms

0, kQI/le.QlL__ 0, ko /k(?z.(hb 0, kos /k{ELQ%

\ Voo

The differential equations governing
the above processes:

dQ,/dt = 8 — kg, - Q1.
dQ,/dt = 8, + ko, 0, Q1 — kg, - Q2.
dQ;/dr = S; + ko, .0, - Qi-1 — ko, - Qi ,

dQn/dt = Sy + ko, .00 - On-1 — ko, - Qi ,

iy Bataman, Soluticn of « system of diferentic! apuotois, stc. 443
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_ / v
i=n Jj=n-—1 j=n , 0 —.{r | — — kit
Exact solution: Qn(f)=z (n kuﬂ)xz 0: O)e I Si(1—e)
= n(kp—k;‘) kj H( — k;)
oy p= A
j=n—1 j=n —kjt
; (0
ForS,=0: Qa(t) = ]_[k”HZ?()E
i= 1_[ (kp_k_;)
=i
P

First few terms...
Q1= Q1 (0)e ™

Q1 (0)e ™ N Q1 (0)e }
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Decay Tree Linear Chains
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